In patients with recanalized acute myocardial infarction (AMI), the relation between the timing of preinfarction angina (PA) and microvascular reperfusion remains unclear. A total of 186 patients (114 with anterior and 72 with inferior AMI) who had total occlusion and TIMI 3 recanalization ≤ 6 hours from the onset of AMI were divided into 4 groups according to the time interval between the last episode of PA and the onset of AMI: ≤ 2 hours (group A, n = 52); 2 to 48 hours (group B, n = 43), ≥ 48 hours (group C, n = 33), and no PA (group D, n = 58). The angiographic myocardial blush grade, a marker of microvascular reperfusion, was retrospectively assessed immediately after recanalization. There were no differences in baseline characteristics, except for sex among the 4 groups. Myocardial blush grade 3 was more frequent (42% vs 21%, 9%, and 14%) and peak creatine kinase was lower (2659 vs 3455, 4422, and 4622 mU/mL) in group A than in groups B, C, and D (all P < 0.05). Multivariate analysis showed that PA occurring ≤ 2 hours before AMI (OR 3.88, P < 0.05), a smaller summed ST-segment elevation before recanalization (OR 0.84, P <0.01), earlier time to recanalization (OR 0.52, P < 0.05), and inferior AMI (OR 4.87, P < 0.05) were independently associated with adequate microvascular reperfusion. We conclude that PA ≤ 2 hours before the onset of AMI is independently associated with adequate microvascular reperfusion after recanalization in patients with AMI. (Jpn Heart J 2003; 44: 845-854) Key words: Myocardial infarction, Preinfarction angina, Ischemic preconditioning NUMEROUS experimental animal studies have demonstrated that brief ischemic episodes preceding prolonged coronary occlusion and reperfusion significantly decrease infarct size. [1] [2] [3] [4] This effect is known as "ischemic preconditioning". In humans, anginal attacks before acute myocardial infarction (AMI) limit infarct size and improve long-term survival.
underlying the cardioprotective effect of preinfarction angina (PA) remains unclear. Recent studies have shown that not only restoration of thrombolysis in myocardial infarction [TIMI] 10) grade 3 flow in the epicardial infarct-related artery but also complete and sustained microvascular reperfusion of the jeopardized myocardium are required to maintain left ventricular function and improve outcome in patients with AMI. [11] [12] [13] However, the effect of PA on microvascular reperfusion in patients with AMI has not been fully defined. We evaluated the relation between the timing of the last episode of PA and microvascular reperfusion in patients with AMI who underwent recanalization therapy.
METHODS
Study group: Between March 1990 and June 2001, 186 consecutive patients (155 men and 31 women; 29 to 84 years [mean ± standard deviation, 59 ± 11] ) who fulfilled the following inclusion criteria were enrolled in this study: 1) a detailed clinical history, 2) typical chest pain persisting for at least 30 minutes, 3) ST-segment elevation of > 0.2 mV in at least 2 contiguous leads, 4) no history of myocardial infarction, 5) complete occlusion (TIMI grade 0) of the left anterior descending coronary artery or the right coronary artery as confirmed by initial coronary angiography, 6) successful recanalization (TIMI grade 3 flow) of the infarct-related artery ≤ 6 hours from the onset of AMI, 7) angiographic myocardial blush grade evaluated immediately after successful recanalization, 8) a typical increase in serum creatine kinase to more than twice the upper limit of normal, and 9) a patent infarct-related artery and left ventriculograms obtained at discharge (13 ± 2 hospital days). Analysis of preinfarction angina and the onset of AMI: Clinical histories were collected retrospectively from case report forms. Our hospital places great importance on clinical history. A detailed clinical history, especially that related to cardiac symptoms before the onset of AMI, was obtained by an experienced cardiologist within a few days after admission. Cardiac symptoms included chest pain, chest discomfort, and back, shoulder, left arm, and jaw pain. Cardiac symptoms lasting for less than 30 minutes before the onset of AMI were defined as PA. 7, 14) The onset of AMI was defined as the initiation of cardiac symptoms persisting for at least 30 minutes. 7, 14) In this study, we enrolled only patients who could accurately recollect the time PA began, if PA had occurred. Electrocardiographic analysis: A 12-lead electrocardiogram was recorded at a paper speed of 25 mm/s and an amplification of 10 mm/mV immediately before recanalization as confirmed by coronary angiography. The isoelectric line was defined as the level of the preceding TP segment. The degree of ST-segment deviation was measured to the nearest 0.5 mm, 20 ms after the end of the QRS com-Vol 44 No 6 plex in each of the 12 standard leads. The sum of ST-segment elevation was calculated by summing the degree of ST-segment elevation in leads V 1 -V 6 for anterior AMI 15) and that in leads II, III, and a V F for inferior AMI. 16) Measurements of 3 contiguous beats obtained by 2 independent observers blinded to all clinical and angiographic data were averaged for each lead. The number of leads with abnormal Q waves was also calculated. Coronary angiography: Coronary angiography was performed immediately after admission and at discharge. The grade of collateral filling to the infarct-related artery was evaluated according to the criteria of Rentrop, et al, 17) as follows; 0 = no visible filling of any collateral channel; 1 = filling of only side branches without visualization of the epicardial segment; 2 = partial filling of the epicardial segment, and 3 = complete filling of the epicardial segment. A good collateral channel was defined as grade 2 or 3, and a poor collateral channel was defined as grade 0 or 1. Recanalization was defined as establishment of TIMI grade 3 flow in the infarct-related artery. The recanalization method was left to the physicians' discretion. Stenosis was considered clinically significant if the lumen diameter was narrowed by ≥ 75% in any projection.
Myocardial blush 18) was graded as follows from the coronary angiograms immediately after recanalization by 2 observers blinded to all clinical data: 0 = no myocardial blush or persisted blush, suggesting leakage of the contrast medium into the extravascular space, 1 = minimal myocardial blush, 2 = moderate myocardial blush but less than that of a noninfarct-related coronary artery, and 3 = normal myocardial blush. The best projection was chosen to assess the myocardial lesion of the infarct-related coronary artery, preferably without superpositioning of noninfarct myocardium. Angiographic runs had to be long enough to allow some filling of the venous coronary system, and back flow of the contrast medium into the aorta had to be present to be certain of adequate contrast filling of the epicardial coronary artery. In the event of disagreement, a third observer established consensus. Cardiac enzyme study: Blood samples were obtained on admission and at 3-hours intervals during the first 24 hours, at 6-hours intervals for the next 2 days, and then daily until discharge. Analysis of left ventricular function: Left ventricular function was evaluated on right anterior oblique views of left ventriculograms obtained at discharge. Left ventricular end-diastolic volume index, end-systolic volume index, and left ventricular ejection fraction were determined by the area-length method. 19) Regional wall motion in the territory of the infarct-related artery was assessed by the centerline method and expressed as SD/chord.
20)
Statistical analysis: Quantitative data are expressed as the mean ± standard deviation. One-way analysis of variance (ANOVA) with post-hoc testing by the Scheffetest was used to analyze differences among the 4 groups. The chi-square test was used to analyze the differences in frequencies.
We performed multivariate logistic regression analyses to assess whether adequate microvascular reperfusion as indicated by myocardial blush grade 3 immediately after recanalization was associated with any of the following independent variables: age, sex, infarct location, time from the onset of AMI to recanalization, method of recanalization, collateral circulation, multivessel disease, PA occurring ≤ 2 hours before the onset of AMI, Killip class, the number of leads with abnormal Q waves, the sum of ST-segment elevation before recanalization, and coronary risk factors (diabetes mellitus, hypercholesterolemia, hypertension, smoking, and family history of coronary artery disease). Odds ratios and 95% confidence intervals were calculated. A probability value of less than 0.05 was considered to indicate a statistically significant difference.
RESULTS

Patient characteristics:
Patients were classified into 4 groups according to the time interval between the last episode of PA and the onset of AMI: ≤ 2 hours (group A, n = 52), 2 to 48 hours (group B, n = 43), ≥ 48 hours (group C, n = 33), and no PA (group D, n = 58). The baseline characteristics of the patients in the 4 groups are presented in Table I . The proportion of men was significantly lower in groups A and B than in groups C and D. The sum of ST-segment elevation was significantly lower in group A than in groups B, C, and D. The number of leads with abnormal Q waves was significantly lower in groups A and B than in groups Data presented are the mean ± SD or number of patients (%). AMI = acute myocardial infarction; RCA = right coronary artery; LAD = left anterior descending coronary artery; seg.= segment.
† Grade 2 or 3 collateral flow to the infarct-related artery. Σ ST = sum of ST-segment elevation in leads V 1 to V 6 for anterior AMI or in leads II, III, and a V F for inferior AMI. *P = 0.05 vs group A, # P < 0.05 vs group B, **< 0.01 vs group A, ## P < 0.01 vs group B.
Infarct size and predischarge left ventricular function:
The infarct size and predischarge left ventricular function are presented in Table II . The peak creatine kinase was significantly lower in group A than in groups B, C, and D. Predischarge left ventricular ejection fraction was significantly higher and predischarge left ventricular end-systolic volume index was significantly lower in groups A and B than in groups C and D. Predischarge regional wall motion was better in group A than in groups C and D. 
Factors associated with myocardial blush grade 3 immediately after recanalization:
Multivariate analysis to assess the factors associated with myocardial blush grade 3 immediately after recanalization is presented in Table III . The analysis revealed that PA ≤ 2 hours before the onset of AMI, the sum of ST-segment elevation before recanalization, time to recanalization, and infarct location were independent predictors of adequate microvascular reperfusion, defined as myocardial blush grade 3.
DISCUSSION
Our study showed that PA occurring ≤ 2 hours before the onset of AMI was associated with better microvascular reperfusion, smaller infarct size, and better preserved left ventricular function at discharge in patients with recanalized AMI. PA ≤ 2 hours before AMI was related, independently of other clinical variables, to adequate microvascular reperfusion as indicated by myocardial blush grade 3.
Numerous animal studies have demonstrated that brief episodes of ischemia preceding sustained coronary occlusion and reperfusion reduce infarct size. [1] [2] [3] [4] Several clinical studies have similarly shown that PA limits infarct size in patients with AMI. [5] [6] [7] [8] [9] Reduced infarct size has been attributed to protection of myocardial cells by adenosine and protective proteins. [2] [3] [4] [5] 7, 21) Recent studies have emphasized that the primary objective of reperfusion therapy for AMI is not only restoration of blood flow in the epicardial infarct-related artery but also complete and sustained microvascular reperfusion of the jeopardized myocardium.
11-13) Stone, et al reported that long-term survival was strongly dependent on myocardial blush grade, an angiographic marker of microvascular reperfusion, in patients with AMI in whom TIMI grade 3 flow was restored after intervention. 22) However, the effect of PA on microvascular reperfusion has not been fully defined in patients with recanalized AMI. Iwakura, et al showed by myocardial contrast echocardiography that PA ≤ 48 hours before AMI attenuates the no-reflow phenomenon. 14) We hypothesized that PA occurring shortly before AMI more effectively protects the microvascular circulation in addition to myocardial cells, resulting in smaller infarct size.
Studies in animals have shown that several characteristics of PA, such as its duration, frequency, and severity, influence the effect of ischemic preconditioning. 3, 4, 23) However, it is difficult to accurately evaluate these characteristics in humans. Previous clinical studies of PA have therefore mainly focused on the time interval from PA to the onset of AMI. Most studies have demonstrated that PA occurring ≤ 24 hours or ≤ 48 hours before the onset of AMI reduces infarct size and improves in-hospital and long-term outcomes. 5, 6, 9) Many animal studies have found that ischemic preconditioning consists of 2 pathophysiologically dis-tinct phases: an early phase, which occurs immediately after the ischemic stress and disappears within 1 to 2 hours, 3, 4) and a delayed phase, which begins 24 hours after the initial ischemic stress and lasts for about 48 hours. 21) We therefore classified the patients into 4 groups according to the time interval from the last episode of PA to the onset of AMI: ≤ 2 hours, 2 to 48 hours, ≥ 48 hours, and no PA. Infarct size was significantly lower in patients with PA occurring ≤ 2 hours than in other patients. Multivariate analyses revealed that PA occurring ≤ 2 hours before the onset of AMI was independently associated with establishment of myocardial blush grade 3 immediately after recanalization. Experimental studies have shown that early-phase ischemic preconditioning protects myocardial cells as well as coronary endothelial cells against reperfusion-induced injury. 24) More recently, this cardioprotective effect of ischemic preconditioning has been confirmed at the microcirculation level. 25) Thus, PA occurring ≤ 2 hours before the onset of AMI may improve microvascular reperfusion because of ischemic preconditioning.
Although several factors, such as time to recanalization, culprit lesion, collateral circulation, and medical treatment before AMI, may influence infarct size, there were no differences in these factors among the 4 groups in this study. We speculated that the better preservation of ischemic myocardium before recanalization in group A, indicated by lower ST-segment elevation, was caused by slower progression of myocardial necrosis, partially resulting from ischemic preconditioning.
1)
Study limitations: There were several limitations to this study. First, this was a relatively small retrospective study. To clarify the effect of PA on microvascular reperfusion and left ventricular function, we studied only patients who met strict entry criteria, including a first AMI and a detailed clinical history; a culprit lesion with total occlusion at initial angiography and successful recanalization (TIMI grade 3) ≤ 6 hours from the onset of AMI; and no ischemic events during hospitalization. Futhermore, patients who could not remember the exact time of PA, especially that occurring ≤ 48 hours before AMI, were excluded from the study. In addition, we excluded the patients with AMI due to left circumflex coronary artery occlusion because it was not accurate to evaluate their left ventricular function using left ventriculograms in the right anterior oblique projection. We believe that these strict entry criteria enabled us to clearly demonstrate the effect of PA. Second, PA was diagnosed on the basis of typical symptoms of angina before the onset of AMI. However, ischemic episodes are not always symptomatic; silent ischemia was not assessed. In addition, it is sometimes difficult to determine the exact time of the onset of AMI on the basis of symptoms, especially in patients who have frequent or prolonged PA. In this study, the onset of AMI was defined as the initiation of symptoms lasting for > 30 minutes according Vol 44 No 6 to previous reports. 7, 14) We also used creatine kinase activity on admission and electrocardiographic findings to determine the onset of AMI. Third, the duration, frequency, and severity of PA could not be evaluated in this study. Fourth, we could not evaluate the characteristics of the culprit lesions of AMI. Several factors, such as distal embolism of thrombus and plaque contents, plugging of capillaries with leukocytes, and swelling of necrotic myocardium, influence the coronary microvasculature immediately after recanalization. Further analysis of the relation between the characteristics of the culprit lesions and microvascular reperfusion should be conducted. Conclusions: In patients with recanalized AMI, PA ≤ 2 hours before the onset of AMI contributes to improved microvascular reperfusion, resulting in smaller infarct size and preserved left ventricular function at discharge.
